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Abstract
Cohorts comprising fishermen's families on the east coast of Sweden have been found to have a
high consumption of contaminated fish as well as high body burdens of persistent organochlorine
pollutants (POPs). Their west coast correspondents are socio-economically similar, but with
considerably lower POP exposure since the fish caught on the west coast is far less contaminated.
The rationale for this was that the cohorts residing on the east coast of Sweden have been found
to have a high consumption of contaminated fish as well as high body burdens of POPs, whereas
their west coast correspondents are socio-economically similar, but with considerably lower POP
exposure since the fish caught on the west coast is far less contaminated. Among the reproductive
outcomes investigated are included both male and female parameters, as well as couple fertility and
effects on the fetus. A range of exposure measures, including both questionnaire assessments of
fish consumption and biomarkers, have been used.
The most consistent findings of the studies are those related to the fetus, where a decreased birth
weight was found across all measures of exposure, which is in agreement with studies from other
populations. Some markers for male reproduction function, i.e. sperm motility, sperm chromatin
integrity, and Y:X chromosome ratio, were associated with POP exposure, whereas others, such
as sperm concentration and semen volume, were not. With respect to couple fertility and female
reproductive parameters, no support was given for associations with POP exposure. Although
some associations may have been affected by beneficial effects of essential nutrients in seafood, the
overall findings are meaningful in the context of reproductive toxicity and support the usefulness
of the epidemiological design.
Introduction
Concerns regarding health effects of persistent organo-
chlorine pollutants (POPs) were first expressed in the
1960's when exposed animals were found to be affected,
and exhibiting thinning eggshells, morphologic abnor-
malities, and impaired viability of offspring [1]. Since
then, the topic has been thoroughly investigated in exper-
imental animal studies as well as epidemiological animal
and human studies. Several POPs are endocrine disrup-
tors, i.e. chemicals with sex steroid mimicking effects
which may cause developmental and reproductive abnor-
malities in humans and animals [2-4].
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often used to include several compounds, such as poly-
chlorinated biphenyls (PCBs), dioxins and organochlo-
rine insecticides such as 1,1,1-trichloro-2,2-bis(p-
chlorophenyl)ethane (DDT). Although they have had dif-
ferent applications in the industry, POPs have several
traits in common: They are lipophilic and poorly metabo-
lized, and they bioaccumulate. While they are not very
soluble in water, they have spread widely through the
atmosphere, and are found in parts of the world where
they were never used [5]. Moreover, even after their use
has been banned, POPs are still found in human and ani-
mal tissue and in body fluids [6-10].
The most common exposure route for the majority of
individuals is through the consumption of contaminated
foods. In common, for some of the most highly exposed
populations, such as Inuits from Greenland and individu-
als from Faroe Islands, is that the main exposure source is
from the seafood [9,11]. In Sweden, the major exposure
source is consumption of fatty fish from the Baltic Sea, off
the east coast of the country. As a consequence, plasma
levels of several of the compounds were higher in men
with a high intake of such fish than in those who con-
sumed only moderate amounts, and the levels were
higher in those who ate moderate amounts of fish than in
those who ate none [12].
It has been found that both professional east coast fisher-
men and their wives have a higher intake of Baltic Sea fish
than referents from the same area [13,14]. Similarly, on
the west coast of Sweden, fishermen and their wives have
a higher consumption of locally caught fish than referents
from the same area. The average amount of locally caught
fish consumed by fishermen and their wives on the east
and west coast, respectively, has been found to be similar.
However, the fish caught off the west coast of Sweden has
for the past decades been much less contaminated than
that caught from the Baltic Sea [15]. Thus, east coast fish-
ermen have been found to have higher levels of POPs than
both west coast fishermen and referents [13,16]. Conse-
quently, the east coast fishermen and their wives consti-
tute a suitable exposed group for investigating health
effects of adult dietary exposure to POPs, whereas their
counterparts on the west coast is an appropriate referent
group. The socio-economic similarities between these
cohorts in combination with a broad exposure range of
POPs, gave very good opportunity to investigate the
hypothesized association between POP exposure and
reproductive health. Moreover, east coast fishermen's sis-
ters have been found to be more likely to have grown up
in a fishing village and/or fisherman's family [17], sug-
gesting that they may be a fitting group when investigating
health effects due to a high dietary exposure to POPs dur-
ing childhood and adolescence, or even in utero. There-
fore, the cohorts of fishermen, their wives and sisters,
from the two coastal areas of Sweden (The Swedish Fish-
ermen's Families Cohorts) have over the last two decades
been used to study a variety of health effects.
Study populations
In 1988, two cohorts of fishermen from the east (Baltic
Sea) and west (Kattegatt and Skagerrak) coasts of Sweden
were established [13,18]. Cohort affiliation was deter-
mined by the particular organization the fisherman was
associated with. All in all, 2883 east coast fishermen and
8477 west coast fishermen were included in the cohorts.
However, a subgroup of 96 east and 99 west coast fisher-
men also participated in a second study, in which both
semen and blood samples were collected [16,19-21].
The fishermen cohorts were linked to the national Swed-
ish Population Register and to registers at the local parish
offices [22]. Thus, 2175 east and 7062 west coast women
who were, or had been, married to a man in one of the
original fishermen cohorts were identified. Cohort affilia-
tion was determined by that of the fisherman to whom
the woman was associated. Subgroups of these women
have supplied blood samples [23] and information on
time to pregnancy (TTP) [24]. Moreover, the entire
cohorts of fishermen's wives were linked to the Swedish
Medical Birth Registry (MBR) [14], thus identifying 1501
infants born to the east coast women during 1973
through 1991, with the corresponding number for the
west coast being 3553. The children were assigned the
same cohort affiliation as their mothers.
In 1996, the cohorts of fishermen were linked to the
National Swedish Population Register in order to identify
sisters (at least one parent in common) to these men [17].
Women who were included in the fishermen's wives
cohort were excluded. The cohort affiliation was deter-
mined by that of the fisherman to whom the woman was
associated. The cohorts of sisters were then linked to the
MBR, and 1719 east and 1537 west coast infants were
identified. Also among the fishermen's sisters a study
regarding TTP was performed, including 1241 east and
2023 west coast women [25]. Of these, 165 women also
provided blood samples [26].
Measures of exposure
In the studies performed on the Swedish Fishermen's
Families Cohorts, several measures of exposure have been
used (c.f. Table 1). In those studies which rely on register
data and/or questionnaires and telephone interviews, the
main measure of exposure has been cohort affiliation, using
the east coast cohorts as exposed cohorts and the west
coast cohorts as referent cohorts. Moreover, within the
east coast cohorts, growing up in a fishing village and/or fish-
erman's family has been used as a proxy measure of expo-Page 2 of 10
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earlier studies on the fishermen's wives, it was found that
recall of fish consumption was poor [23]. Thus, in subse-
quent studies, current fish consumption was used as a proxy
measure of exposure during the time of interest for each
specific outcome (e.g. pregnancy attempt or child birth).
With respect to the majority of the reproductive outcomes
investigated, biomarkers have also been used as measures
of exposure. The main biomarker has been 2,2',4,4',5,5'-
hexachlorobiphenyl (CB-153). This congener has been
found to correlate strongly with the total PCB concentra-
tion, as well as the total PCB-derived TEQ and the total
POP-derived TEQ, in humans [27-30], and has therefore
been considered not only a biomarker of PCBs, but of
overall POPs. Moreover, the major DDT metabolite 1,1-
dichloro-2,2-bis (p-chlorophenyl)-ethylene (p,p'-DDE)
which has anti-androgenic effect and is found in high lev-
els in serum, has also been used. In the studies, both
biomarkers were used in their lipid adjusted form, i.e., the
wet weight concentrations were standardized using the
sum of serum concentrations of triglycerides, cholesterol
and phospholipids [27].
Since many of the studies on the Swedish Fishermen's
Families Cohort have been of a retrospective nature, a
drawback is that the biomarkers describe current, rather
than past, exposure. Therefore, a model to estimate past
exposure was derived [31]. This model assumed a con-
stant consumption of fatty fish, and a constant back-
ground exposure. However, the model took into
consideration the decreasing levels of POPs in fatty fish,
the reduction of body burden due to lactation, and the
half-life of the compound in humans. The model was val-
idated for CB-153 in women by comparing current con-
centrations of CB-153 to concentrations obtained from
bio-banked samples from a rubella screening performed
years earlier. The model has since then been validated for
male CB-153, as well as for both male and female p,p'-
DDE [32]. For CB-153, the correlations between
biobanked (i.e. true) and estimated concentrations were
0.96 for men and 0.97 for women. When trichotomizing
the female CB-153 concentrations, the kappa agreement
between biobanked and estimated concentrations was
0.47 [33]. For p,p'-DDE the correlation between
biobanked and estimated concentrations was 0.78 for
both men and women [32].
The median plasma concentration of CB-153 among the
fishermen' wives from the Swedish east coast was 160 ng/
g lipid (range 16–780) and the median serum concentra-
tion among the sisters to the fishermen from the Swedish
east coast was 115 ng/g lipid (range 27–560). With respect
to the estimated past exposures, this varied from study to
study depending on the time for which the concentrations
were estimated, and which parameters were used in the
Table 1: Reproductive outcomes investigated in the Swedish Fishermen's Families Cohorts.
Exposure
Unit of observation Outcome1 Cohort affiliation Childhood exposure2 Fish consumption CB-1533 p,p'-DDE4
Man Sperm motility - - - ↓ [16] ↓ [16]
Sperm concentration - - - 0 [16] 0 [16]
Semen volume - - - 0 [16] 0 [16]
Total sperm count - - - 0 [16] 0 [16]
Sperm chromatin integrity - - - ↓ [20] (↓) [20]
Y:X chromosome ratio - - - ↓ [21] ↓ [21]
Seminal levels of markers of 
epididymal and accessory sex gland 
function
- - - 0 [19] 0 [19]
Hormone parameters - - - 0 [16] 0 [16]
Woman Age at menarche 0 [38] ↓ [38] - - -
Menstrual cycle length ↓ [91] 0 [91] (↓) [91] 0 [91] -
Miscarriages and stillbirths NC [17, 25, 40] 0 [25, 40] 0 [25] NC [26, 40] -
Couple Time to pregnancy NC [24, 25] 0 [24, 25] 0 [24, 25] 0 [26, 33] -
Infant/child Birth weight ↓ [14, 17] ↓ [41] ↓ [41] ↓ [31] -
Birth length 0 [14, 17] - - - -
Head circumference ↓ [14, 17] - - - -
Gender ratio NC [14, 17] - - - -
Malformations 0 [17, 43] - - - -
1 Arrows indicate the effect associated with each exposure, with parenthesis for those effects not found to be of a noteworthy size but not 
statistically significant. A "0" means that no effect was found, and "NC" signifies non conclusive results.
2 Growing up in a fisherman's family and/or fishing village
3 2,2',4,4',5,5'-hexachlorobiphenyl
4 1,1-dichloro-2,2-bis (p-chlorophenyl)-ethylenePage 3 of 10
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was related to any outcome, the estimated past concentra-
tions was between 36% and 124% higher than the meas-
ured. The median serum concentrations among the
fishermen were 193 ng/g lipid (range 40–1460) for CB-
153 and 240 ng/g lipid (range 40–2250) for p,p'-DDE.
Male reproduction parameters
In the studies concerning male reproductive parameters,
serum concentrations of CB-153 and p,p'-DDE were ana-
lyzed both as continuous measures (untransformed or log
transformed) and categorized into five equally sized
groups: For CB-153 the cut-points were 112, 167, 232,
and 328 ng/g lipid, and for p,p'-DDE 136, 191, 273, and
471 ng/g lipid [16,19-21]. The correlation between CB-
153 and p,p'-DDE for exposure was strong (r = 0.78).
Thus, the two biomarkers were never used simultaneously
in any model.
A negative association, although not statistically signifi-
cant when age was taken into account, between serum
concentrations of CB-153 and the proportion of motile
sperm was found [16]. Similar results were found for p,p'-
DDE. No consistent associations were found between any
of the two biomarkers and semen volume, sperm concen-
tration, total sperm count or sperm morphology [16,34].
Sperm Chromatin Structure Assay (SCSA) was used to
detect DNA fragmentation (small breaks in the sperm
chromosome) [35,36]. The DNA fragmentation index
(%DFI) was used to express the percentage of sperms
showing DNA fragmentation [20]. Men in the lowest CB-
153 quintile had lower %DFI than the men with higher
CB-153 concentrations [20]. The pattern was similar for
p,p'-DDE. With respect to continuous measures of CB-153
and p,p'-DDE there were no consistent association with
%DFI.
Two color fluorescence in situ hybridization (FISH) was
used to assess sperm chromosome Y:X ratio in an ejaculate
[21]. Both CB-153 and p,p'-DDE were found to associate
with an increased Y chromosome fraction [21,37]. When
comparing the lowest exposed quintile to the highest, the
effect was more marked for p,p'-DDE than for CB-153
[21]. Fructose, zinc, prostate specific antigen (PSA), and
neutral α-glucosidase (NAG) were analyzed as markers for
the function of the epididymis, prostate and seminal ves-
icles [19]. Among these outcomes, the only significant
association was found between CB-153 and total PSA
[19].
When age was taken into account, no significant associa-
tions were observed between the POP biomarkers and
serum hormone levels (FSH, LH, estradiol, testosterone,
SHBG, inhibin B, and the ratio testosterone/SHBG,
respectively) [16].
Female reproduction parameters
East coast fishermen's wives and fishermen's sisters, who
had grown up in a fishing village and/or fisherman's fam-
ily tended to be somewhat older at menarche than refer-
ents from the same coastal area [38]. However, no
differences were found between these women and the
women from the west coast.
When adjusting for smoking, east coast fishermen's wives
and sisters had somewhat shorter menstrual cycles than
the west coast women. Moreover, in the east coast cohorts,
women with a high consumption of fatty fish had shorter
menstrual cycles than those with no or low fish consump-
tion. However, there were no difference between women
who had and had not grown up in a fishing village and/or
fisherman's family, neither was there any effect of serum/
plasma concentrations of CB-153.
There were no increased risk for miscarriage and stillbirths
among the east coast fishermen's wives and fishermen's
sisters, as compared to the corresponding cohorts from
the west coast [25,39,40].
Couple fertility
A decreased fertility (i.e. prolonged TTP) was found for
the east coast fishermen's wives as compared to the west
coast fishermen's wives (Cox regression; Success Rate
Ratio [SuRR] 0.86; 95% CI: 0.75, 0.99) [24]. The effect
was most apparent among women who smoked more
than 10 cigarettes per day, i.e. comparing east and west
coast smokers (SuRR 0.68; 95% CI: 0.51, 0.91). Among
the fishermen's sisters, no effect was found for cohort affil-
iation (logistic regression; Fecundability Odds Ratio
[FOR] 0.99; 95% CI: 0.87, 1.14) [25]. The effect among
smokers was not apparent in the group of fishermen's sis-
ters. Among the east coast women, growing up in fishing
village and/or fisherman's family did not suggest any neg-
ative effect on TTP, neither did a high consumption of
fatty fish [24,25,39] or serum/plasma concentrations of
CB-153 [26,33,39].
Effects on the fetus
Among the east coast fishermen's wives, the median birth
weight was found to be 3530 g, which was lower than the
corresponding figure for the west coast fishermen's wives
(3610 g; p < 0.001) [14]. The absolute birth weight differ-
ence was slightly lower among the fishermen's sisters
(3500 g for the east coast women and 3560 g for the west
coast women), although the statistical testing still found it
significant (p < 0.001) [17].Page 4 of 10
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intake of fish from the Baltic Sea indicated an increased
risk of having an infant with low birth weight (OR = 1.9;
95% CI: 0.9, 3.9), although no dose-response relation was
found [41]. Furthermore, when analyzing estimated
intake of fish during the time period of interest (i.e. when
the infant was born), the effects were diminished. How-
ever, childhood exposure (measured as growing up in a
fishing village) carried an increased risk of giving birth to
a low birth weight infant (OR = 2.1; 95% CI: 1.0, 4.3). The
case mothers had higher median concentrations of CB-
153 than the control mothers (190 ng/g lipid versus 160
ng/g lipid) [31].
There were no differences in birth length between the
cohorts [14,17]. Among the fishermen's wives as well as
the fishermen's sisters, the distribution of head circumfer-
ence of the east coast infants was shifted downwards com-
pared to the west coast infants (p < 0.001 for both groups
of women). An increased risk of being small for gesta-
tional age (SGA) [42] was found among infants born to
the east coast fishermen's wives and sisters (OR = 1.5; 95%
CI: 1.2, 2.0) [17]. Overall, there were no clear deviating
patterns regarding gender ratio [14,17]. No specific mal-
formation was overrepresented in the east coast cohorts
[17,43].
Discussion
The Swedish Fishermen's Families Cohorts consist of a
large number of men and women of varying ages. The east
coast cohorts comprises individuals who have been
exposed to POPs at different times in their lives; those
who are born and grown up in a fisherman's family and/
or a fishing village are likely to have been exposed to POPs
in utero and during their childhood, whereas others may
have had high exposure only during their adult life. These
assumptions are supported by that the men and women
in the east coast cohorts have been found to have higher
average levels of POPs than men and women from the
general Swedish population [27,44,45], and those who
have grown up in a fishing village and/or fishermen's fam-
ily have been found to have especially high POP levels
[45]. Thus, a major strength with the Swedish Fishermen's
Families studies is the use of a large and relatively highly
exposed study population.
The men and women in the east coast Swedish Fisher-
men's Families Cohorts have been found to eat more fish
than individuals from the general Swedish population
[14,17,22]. Since fish have constituents, e.g. long-chain n-
3 fatty acids, minerals and vitamins, which may have pos-
itive effects on reproductive health [46-48], the general
population may not be a suitable reference group in stud-
ies of health effects of dietary exposure to POPs. However,
the waters off the west coast of Sweden are considerably
less contaminated than the Baltic Sea [15]. The west coast
Swedish Fishermen's Families Cohorts have been found
to eat fatty fish at a rate comparable to that of the east
coast cohorts [14,22], but to have considerably lower lev-
els of POPs [12]. Geographically, Sweden is a narrow
country, only approximately 500 km at the widest loca-
tion. Of the 9.1 million population, only 17% have non-
Swedish origin [49]. The largest city, Stockholm, is inhab-
ited by slightly more than 1 million individuals, making
it a rather small city in an international perspective. All
these factors taken together suggest that the Swedish pop-
ulation is a comparably homogenous one. With respect to
the Swedish Fishermen's Families, the east and west coast
cohorts, although residing at different coast lines, are geo-
graphically close. Moreover, although the east coast fish-
ermen's wives tend to smoke more than those in the west
coast cohorts [22,40], the west coast cohorts have been
found to be similar to the east coast cohorts with respect
to other socioeconomic factors, such as alcohol consump-
tion [14,17,22] and educational level [17,40]. Hence,
another major strength with the Swedish Fishermen's
Families studies is the use of large and socio-economically
similar cohorts as referent groups.
In several of the studies performed on the Swedish Fisher-
men's Families Cohorts, biomarkers for exposure to POPs
have been used. Most frequently, CB-153 has been con-
sidered as a biomarker for a person's total body burden of
POP. The rationale for this is that this PCB congener has
been found to correlate strongly with the total PCB con-
centration in plasma [27], serum [28], whole venous
blood [50], and cord blood [50], as well as with the TEQ
from total PCB [27,30] and total POP-derived TEQ [6].
Other proxy measures of exposure used in the Swedish
Fishermen's Families Cohorts, i.e. cohort affiliation, fish
consumption and grown up in a fisherman's family and/
or fishing village, have been found to be strongly associ-
ated with the concentrations of CB-153 [12,27,45]. Thus,
a further strength with the Swedish Fishermen's Families
Cohorts studies is the use of biomarkers of exposure.
However, the studies are in general retrospective or cross-
sectional and the proper exposure window might not
always be reflected in an optimal way. For instance, in the
study which investigated the association between POP
exposure and low birth weight, we had to estimate the
concentrations of CB-153 during year of childbirth based
on back-calculation models [31]. This might led to a neg-
ative impact on precision, as well as accuracy, of the esti-
mated CB-153 concentrations. As stated by Grandjean et
al [51], it is probably not only the dose that makes the
poison, of equally importance might be the timing of
exposure. Accordingly, future studies should force to col-
lect exposure information that in a better way reflect the
most relevant exposure window.Page 5 of 10
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adipose tissue. Thus, to obtain a valid measure of the body
burden of POP, a biopsy should be performed and fatty
tissue should be analyzed. This is, however, a procedure
which is more costly and painful than collecting a blood
sample. Nevertheless, it may be assumed that the concen-
tration of POP in serum lipids is in equilibrium with that
in adipose tissue. Kahn et al [52] found a very high corre-
lation (r = 0.89) between 2,3,7,8 TCDD concentration in
fat biopsy and the lipid adjusted serum concentration.
Thus, the body burden of POP may be estimated by calcu-
lating the lipid standardized serum concentrations. How-
ever, Schisterman et al [53] have recently shown that this
method is highly prone to bias, causing an underestima-
tion of the true effect. Nevertheless, the correlations
between wet weight and lipid adjusted concentrations of
POPs in the Swedish Fishermen's Families Cohorts are
high [27,45]. Moreover, the results obtained when using
the biomarkers are in agreement with those obtained
using the proxy measures of exposure. Thus, a possible
bias introduces by the lipid standardization should pose,
at most, a minor problem.
A variety of outcomes have been investigated in the Swed-
ish Fishermen's Families Cohort. The ones chosen have
been such that they are believed to cover all aspects of
human reproduction, i.e. parameters concerning the man,
the woman, the couple and the fetus. By using this multi-
tude of outcomes, we have been able to establish where
POPs may do most harm to human reproduction, i.e. to
the fetus. However, the retrospective design may pose a
problem for some outcomes, where recall was long and a
possible misclassification may have been introduced. The
most apparent example of this is menarche. For other out-
comes, mainly those related to the fetus, data has been
collected from registries and the quality should therefore
be higher. Also, the studies concerning male reproductive
factors were not affected by any recall bias.
The most consistent results from the Swedish Fishermen's
Families Cohorts are those on infant parameters, and
especially birth weight and fetal growth. Irrespective of
which measure of exposure was used, children who are
exposed to POPs in utero have an increased risk of weigh-
ing less at birth, also after having taken the gestational
length into account (SGA). Similar findings have been
observed among fish eaters from the Lake Michigan area
in the US who had PCB levels comparable to the ones
among the Swedish fishermen's wives [54]. Also in the
general population in the Netherlands with relatively low
POP exposures, in utero levels of PCB were negatively
associated with birth weight [55]. There are, however, also
epidemiological examples showing no, or even positive,
associations between POP exposure and birth weight [56-
58]. The overall picture regarding the hypothesized asso-
ciation between POP exposure and birth weight is, accord-
ingly, still far from conclusive.
Environmental chemicals acting as sex hormone agonists
or antagonists could have an adverse effect on male sex
hormones which in turn might decrease the male repro-
ductive function [4,59]. In our study sperm motility
decreased with increasing serum levels of POP. This find-
ing is consistent with four other cross-sectional studies
carried out during recent years [60-63]. Sperm DNA integ-
rity is essential for the accurate transmission of genetic
information and sperm chromatin abnormalities or DNA
damage may result in impaired male fertility [64]. Among
Swedish fishermen we found that increasing POP expo-
sure increased the level of sperm DNA strand breaks.
However, in a study comprising Inuits, with higher serum
levels of POP, the levels of sperm DNA strandbreaks were
low. This inconsistent result might be explained by differ-
ences in the genetic background and lifestyle habits,
which still needs to be elucidated. The mechanism behind
changes in Y:X ratio is unknown. However one hypothesis
could be a loss of X chromosome due to an effect on for-
mation of micronuclei during the meiosis, by e.g. POPs.
We found effects of POP biomarkers on the proportion of
Y- and X-bearing sperm. However, such effects were not
seen in three other study populations [65]. The inconsist-
ent results might be explained by differences in POP expo-
sure profile and dose due to variation in lifestyle and diet.
Regarding sperm count and sperm morphology none of
these outcomes were related to POP exposure.
The results concerning female reproductive parameters are
ambiguous, and in some cases they suggest a protective,
rather than hazardous, effect of fish consumption. Taking
other studies on the topic into account, no obvious risk
pattern emerges for most of the outcomes. Although
results from a cross-sectional study on Akwesasne
Mohawk girls suggested that high concentrations of blood
PCB lead to a higher probability of early menarche [66],
retrospective studies performed by Vasiliu et al [67] and in
the Swedish Fishermen's Families Cohort studies found
no such effect. Moreover, whereas exposure to POPs was
associated with a shortened menstrual cycle length in the
retrospective studies performed in the Swedish Fisher-
men's Families Cohorts and the New York State Angler
Cohort [68], another retrospective study found the oppo-
site relation between exposure and outcome [69], whereas
a prospective study using daily urine sampling found no
relation at all [70]. With respect to miscarriages and still-
births, the results available are more homogenous than
those for the other outcomes. In the Swedish Fishermen's
Families Cohorts, none of the analyses produced a statis-
tically significant hazard associated with POP exposure.
However, in some of the subgroup analyses, POP expo-
sure was suggested to have a protective effect. This is inPage 6 of 10
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protective effect [74], has been found.
East coast fishermen's wives were found to have longer
TTPs than west coast fishermen's wives. However, these
results were not replicated among the fishermen's sisters,
neither did any of the exposure measures within the east
coast cohorts suggest any effect of POP exposure. In the
New York State Angler Cohort, several studies have been
performed regarding parental POP exposure and fertility.
The majority of these results show no effect on TTP,
delayed conception, or infertility of maternal [75,76] or
paternal [77,78] exposure, although one study did suggest
reduced fecundability among women with high con-
sumption of fatty fish from the Great Lakes [78]. In the
INUENDO study, results suggested that high exposure to
POPs were associated with reduced fertility only among
Inuits from Greenland, and not among couples, i.e.
maternal and paternal exposure, from Poland, Ukraine or
Sweden [79].
When evaluating the results from the Swedish Fisher-
men's Families Cohorts studies, it is important to keep in
mind that the main exposure source for POP, namely fatty
fish from the Baltic Sea, is also an exposure route for other
constituents of fish. These other constituents include both
other pollutants, such as methylmercury, and natural
components, such as marine n-3 fatty acids, minerals and
vitamins. In the Swedish Fishermen's Families Cohorts,
the concentration of CB-153 has been found to be corre-
lated (rS = 0.51) to that of methylmercury [80]. However,
where associations were found between on one hand CB-
153 and p,p'-DDE and on the other hand several male
reproductive parameters, no consistent relationships were
found between methylmercury and the same male param-
eters.
With respect to the natural components of fatty fish,
marine n-3 fatty acids have been found to be associated
with prolonged gestation in randomized trials [81-85].
Moreover, positive associations between seafood con-
sumption and reproductive outcomes, such as birth
weight and gestational length, have been seen in observa-
tional studies [47,48,86-90]. Thus, there is a possibility
that the effect of the potentially hazardous constituents in
Baltic Sea fatty fish could be outweighed by their benefi-
cial counterparts, which would explain the positive results
found for some outcomes.
Conclusion
The major strengths of the studies were that the study pop-
ulations included socio-economic similar cohorts, which
enabled good opportunities to control for confounding,
and the cohorts included the necessary exposure con-
trasts, which made it possible to investigate the hypothe-
sized association between POP exposure and reproductive
health.
The main finding from the studies performed on the
Swedish Fishermen's Families Cohorts is that although
there may be minor effects on both the male and female
reproduction system, the major effects are those concern-
ing the growth of the fetus. This observation was strength-
ened by the fact that the negative effect on birth weight
was observed for all exposure measures used. In addition,
corresponding effects have been observed in other popu-
lations with a similar exposure source, i.e. intake of con-
taminated fish.
Regarding male and female reproductive data, the Swed-
ish data together with other epidemiological studies, pro-
vide no conclusive results. Although some associations
may have been affected by beneficial effects of essential
nutrients in seafood, the overall findings are meaningful
in the context of reproductive toxicity and support the
usefulness of the epidemiological design.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
AA initiated the project. All authors participated in draft-
ing the manuscript, and have approved of the final ver-
sion.
Acknowledgements
The studies on the Swedish Fishermen's Families Cohort were all carried 
out in collaboration with Professor Lars Hagmar, who passed away in June 
2006.
References
1. Jensen S: The PCB story.  Ambio 1972, 1:123-131.
2. Colborn T, vom Saal FS, Soto AM: Developmental effects of
endocrine-disrupting chemicals in wildlife and humans.  Envi-
ron Health Perspect 1993, 101(5):378-384.
3. Kelce WR, Stone CR, Laws SC, Gray LE, Kemppainen JA, Wilson EM:
Persistent DDT metabolite p,p'-DDE is a potent androgen
receptor antagonist.  Nature 1995, 375(6532):581-585.
4. Sharpe RM, Skakkebaek NE: Are oestrogens involved in falling
sperm counts and disorders of the male reproductive tract?
Lancet 1993, 341(8857):1392-1395.
5. AMAP: Artic pollution issues.  Oslo: Artic monitoring and assess-
ment programme (AMAP); 1998. 
6. Brouwer A, Ahlborg UG, Berg M Van den, Birnbaum LS, Boersma ER,
Bosveld B, Denison MS, Gray LE, Hagmar L, Holene E, Huiosman M,
Jacobson SW, Jacobson JL, Koopman-Esseboom C, Koppe JG, Kulig
BM, Morse DC, Muckle G, Peterson RE, Sauer PJJ, Seegal RF, Smits-
Van Prooije AE, Touwen BCL, Weisglas-Kuperus N, Winneke G:
Functional aspects of developmental toxicity of polyhalogen-
ated aromatic hydrocarbons in experimental animals and
human infants.  Eur J Pharmacol 1995, 293(1):1-40.
7. Fängström B, Hovander L, Bignert A, Athanassiadis I, Linderholm L,
Grandjean P, Weihe P, Bergman Å: Concentrations of polybromi-
nated diphenyl ethers, polychlonnated biphenyls, and poly-
chlorobiphenylols in serum from pregnant Faroese women
and their children 7 years later.  Environ Sci Technol 2005,
39(24):9457-9463.Page 7 of 10
(page number not for citation purposes)
Environmental Health 2008, 7:20 http://www.ehjournal.net/content/7/1/208. Fängström B, Strid A, Grandjean P, Weihe P, Bergman Å: A retro-
spective study of PBDEs and PCBs in human milk from the
Faroe Islands.  Environ Health 2005, 4:12.
9. Jönsson B, Rylander L, Lindh C, Rignell-Hydbom A, Giwercman A,
Toft G, Pedersen HS, Ludwicki JK, Goralczyk K, Zvyezday V, Spanò
M, Bizzaro D, Bonefeld-Jørgensen EC, Manicardi GC, Bonde JP, Hag-
mar L: Inter-population variations in concentrations, deter-
minants of and correlations between 2,2',4,4',5,5'-
hexachlorobiphenyl (CB-153) and 1,1-dichloro-2,2-bis (p-
chlorophenyl)-ethylene (p,p'-DDE): a cross-sectional study
of 3161 men and women from Inuit and European popula-
tions.  Environ Health 2005, 4:27.
10. Sjödin A, Jones RS, Focant JF, Lapeza C, Wang RY, McGahee EE 3rd,
Zhang Y, Turner WE, Slazyk B, Needham LL, Patterson DG Jr: Ret-
rospective time-trend study of polybrominated diphenyl
ether and polybrominated and polychlorinated biphenyl lev-
els in human serum from the United States.  Environ Health Per-
spect 2004, 112(6):654-658.
11. Fangstrom B, Athanasiadou M, Grandjean P, Weihe P, Bergman A:
Hydroxylated PCB metabolites and PCBs in serum from
pregnant Faroese women.  Environ Health Perspect 2002,
110(9):895-899.
12. Svensson BG, Nilsson A, Hansson M, Rappe C, Akesson B, Skerfving
S: Exposure to dioxins and dibenzofurans through the con-
sumption of fish.  N Engl J Med 1991, 324:8-12.
13. Svensson BG, Mikoczy Z, Stromberg U, Hagmar L: Mortality and
cancer incidence among Swedish fishermen with a high die-
tary intake of persistent organochlorine compounds.  Scand J
Work Environ Health 1995, 21:106-115.
14. Rylander L, Stromberg U, Hagmar L: Decreased birthweight
among infants born to women with a high dietary intake of
fish contaminated with persistent organochlorine com-
pounds.  Scand J Work Environ Health 1995, 21:368-375.
15. Bergqvist P, Bergek S, Hallbäck H, Rappe C, Slorach S: Dioxins in
cod and herring from the seas around Sweden.  Chemosphere
1989, 19:513-516.
16. Rignell-Hydbom A, Rylander L, Giwercman A, Jönsson BA, Nilsson-
Ehle P, Hagmar L: Exposure to CB-153 and p,p'-DDE and male
reproductive function.  Hum Reprod 2004, 19:2066-2075.
17. Rylander L, Stromberg U, Hagmar L: Lowered birth weight
among infants born to women with a high intake of fish con-
taminated with persistent organochlorine compounds.
Chemosphere 2000, 40:1255-1262.
18. Hagmar L, Linden K, Nilsson A, Norrving B, Akesson B, Schutz A,
Moller T: Cancer incidence and mortality among Swedish Bal-
tic Sea fishermen.  Scand J Work Environ Health 1992,
18(4):217-224.
19. Rignell-Hydbom A, Rylander L, Elzanaty S, Giwercman A, Lindh CH,
Hagmar L: Exposure to persistent organochlorine pollutants
and seminal levels of markers of epididymal and accessory
sex gland functions in Swedish men.  Hum Reprod 2005,
20(7):1910-1914.
20. Rignell-Hydbom A, Rylander L, Giwercman A, Jonsson BA, Lindh C,
Eleuteri P, Rescia M, Leter G, Cordelli E, Spano M, Hagmar L: Expo-
sure to PCBs and p,p'-DDE and human sperm chromatin
integrity.  Environ Health Perspect 2005, 113:175-179.
21. Tiido T, Rignell-Hydbom A, Jonsson B, Giwercman YL, Rylander L,
Hagmar L, Giwercman A: Exposure to persistent organochlo-
rine pollutants associates with human sperm Y:X chromo-
some ratio.  Hum Reprod 2005, 20:1903-1909.
22. Rylander L, Hagmar L: Mortality and cancer incidence among
women with a high consumption of fatty fish contaminated
with persistent organochlorine compounds.  Scand J Work Envi-
ron Health 1995, 21(1):419-426.
23. Rylander L, Stromberg U, Hagmar L: Agreement between
reported fish consumption obtained by two interviews and
its impact on the results in a reproduction study.  Eur J Epide-
miol 1998, 14:93-97.
24. Axmon A, Rylander L, Strömberg U, Hagmar L: Time to pregnancy
and infertility among women with a high intake of fish con-
taminated with persistent organochlorine compounds.  Scand
J Work Environ Health 2000, 26:199-206.
25. Axmon A, Rylander L, Strömberg U, Hagmar L: Female fertility in
relation to the consumption of fish contaminated with per-
sistent organochlorine compounds.  Scand J Work Environ Health
2002, 28(2):124-132.
26. Axmon A, Rylander L, Strömberg U, Jönsson B, Nilsson-Ehle P, Hag-
mar L: Polychlorinated biphenyls in serum and time to preg-
nancy.  Environ Res 2004, 96(2):186-195.
27. Grimvall E, Rylander L, Nilsson-Ehle P, Nilsson U, Strömberg U, Hag-
mar L, Östman C: Monitoring of polychlorinated biphenyls in
human blood plasma: methodological developments and
influence of age, lactation, and fish consumption.  Arch Environ
Contam Toxicol 1997, 32(3):329-336.
28. Glynn AW, Wolk A, Aune M, Atuma S, Zettermark S, Maehle-Schmid
M, Darnerud PO, Becker W, Vessby B, Adami HO: Serum concen-
trations of organochlorines in men: a search for markers of
exposure.  Sci Total Environ 2000, 263(1-3):197-208.
29. Hagmar L, Becher G, Heikkila A, Frankman O, Dyremark E, Schutz A,
Ahlborg UG, Dybing E: Consumption of fatty fish from the Bal-
tic Sea and PCB in whole venous blood, plasma and cord
blood from delivering women in the Aland/Turku archipel-
ago.  J Toxicol Environ Health A 1998, 53(8):581-591.
30. Glynn AW, Atuma S, Aune M, Darnerud PO, Cnattingius S: Poly-
chlorinated biphenyl congeners as markers of toxic equiva-
lents of polychlorinated biphenyls, dibenzo-p-dioxins and
dibenzofurans in breast milk.  Environ Res 2001, 86(3):217-228.
31. Rylander L, Stromberg U, Dyremark E, Ostman C, Nilsson-Ehle P,
Hagmar L: Polychlorinated biphenyls in blood plasma among
Swedish female fish consumers in relation to low birth
weight.  Am J Epidemiol 1998, 147(5):493-502.
32. Axmon A, Rignell-Hydbom A: Estimations of past male and
female serum concentrations of biomarkers of persistent
organochlorine pollutants and their impact on fecundability
estimates.  Environ Res 2006, 101(3):87-94.
33. Axmon A, Rylander L, Strömberg U, Dyremark E, Hagmar L: Poly-
chlorinated biphenyls in blood plasma among Swedish
female fish consumers in relation to time to pregnancy.  J Tox-
icol Environ Health A 2001, 64(6):485-498.
34. Toft G, Rignell-Hydbom A, Tyrkiel E, Shvets M, Giwercman A, Lindh
CH, Pedersen HS, Ludwicki JK, Lesovoy V, Hagmar L, Spano M, Man-
icardi GC, Bonefeld-Jorgensen EC, Thulstrup AM, Bonde JP: Semen
quality and exposure to persistent organochlorine pollut-
ants.  Epidemiology 2006, 17(4):450-458.
35. Evenson DP, Larson KL, Jost LK: Sperm chromatin structure
assay: its clinical use for detecting sperm DNA fragmenta-
tion in male infertility and comparisons with other tech-
niques.  J Androl 2002, 23(1):25-43.
36. Spano M, Bonde JP, Hjollund HI, Kolstad HA, Cordelli E, Leter G:
Sperm chromatin damage impairs human fertility. The Dan-
ish First Pregnancy Planner Study Team.  Fertil Steril 2000,
73(1):43-50.
37. Vittinghoff E, Glidden D, Shiboski S, McCulloch C: Regression
Methods in Biostatistics – Linear, Logistic, Survival, and
Repeated Measures Models.  Springer 2005.
38. Axmon A: Menarche in women with high exposure to persist-
ent organochlorine pollutants in utero and during childhood.
Environ Res 2006, 102(1):77-82.
39. Axmon A: Fertility and female dietary exposure to persistent
organochlorine compounds.  In Doctoral thesis Lund: Department
of Occupational and Environmental Medicine, Institute of Laboratory
Medicine, Lund University; 2003. 
40. Axmon A, Rylander L, Strömberg U, Hagmar L: Miscarriages and
stillbirths in women with a high intake of fish contaminated
with persistent organochlorine compounds.  Int Arch Occup
Environ Health 2000, 73:204-208.
41. Rylander L, Stromberg U, Hagmar L: Dietary intake of fish con-
taminated with persistent organochlorine compounds in
relation to low birthweight.  Scand J Work Environ Health 1996,
22(4):260-266.
42. Källén B: A birth weight for gestational age standard based on
data in the Swedish Medical Birth Registry, 1985–1989.  Eur J
Epidemiol 1995, 11(5):601-606.
43. Rylander L, Hagmar L: No evidence for congenital malforma-
tions or prenatal death in infants born to women with a high
dietary intake of fish contaminated with persistent organo-
chlorines.  Int Arch Occup Environ Health 1999, 72:121-124.
44. Svensson BG, Nilsson A, Jonsson E, Schütz A, Åkesson B, Hagmar L:
Fish consumption and exposure to persistent organochlo-
rine compounds, mercury, selenium and methylamines
among Swedish fishermen.  Scand J Work Environ Health 1995,
21(2):96-105.Page 8 of 10
(page number not for citation purposes)
Environmental Health 2008, 7:20 http://www.ehjournal.net/content/7/1/2045. Rylander L, Dyremark E, Stromberg U, Ostman C, Hagmar L: The
impact of age, lactation and dietary habits on PCB in plasma
in Swedish women.  Sci Total Environ 1997, 207(1):55-61.
46. Olsen SF: Consumption of marine n-3 fatty acids during preg-
nancy as a possible determinant of birth weight. A review of
the current epidemiologic evidence.  Epidemiol Rev 1993,
15:399-413.
47. Olsen SF, Grandjean P, Weihe P, Videro T: Frequency of seafood
intake in pregnancy as a determinant of birth weight: evi-
dence for a dose dependent relationship.  J Epidemiol Community
Health 1993, 47:436-440.
48. Odent MR, McMillan L, Kimmel T: Prenatal care and sea fish.  Eur
J Obstet Gynecol Reprod Biol 1996, 68:49-51.
49. Statistics Sweden   [http://www.scb.se]
50. Hagmar L, Becher G, Heikkilä A, Frankman O, Dyremark E, Schütz A,
Ahlborg UG, Dybing E: Consumption of fatty fish from the Bal-
tic Sea and PCB in whole venous blood, plasma and cord
blood from delivering women in the Aland/Turku archipel-
ago.  J Toxicol Environ Health A 1998, 53(8):581-591.
51. Grandjean P, Bellinger D, Bergman A, Cordier S, Davey-Smith G,
Eskenazi B, Gee D, Gray K, Hanson M, Hazel P van den, Heindel JJ,
Heinzow B, Hertz-Picciotto I, Hu H, Huang TT, Jensen TK, Landrigan
PJ, McMillen IC, Murata K, Ritz B, Schoeters G, Skakkebaek NE, Sker-
fving S, Weihe P: The faroes statement: human health effects
of developmental exposure to chemicals in our environ-
ment.  Basic Clin Pharmacol Toxicol 2008, 102(2):73-75.
52. Kahn PC, Gochfeld M, Nygren M, Hansson M, Rappe C, Velez H,
Ghent-Guenther T, Wilson WP: Dioxins and dibenzofurans in
blood and adipose tissue of Agent Orange-exposed Vietnam
veterans and matched controls.  JAMA 1988,
259(11):1661-1667.
53. Schisterman EF, Whitcomb BW, Louis GM, Louis TA: Lipid adjust-
ment in the analysis of environmental contaminants and
human health risks.  Environ Health Perspect 2005, 113(7):853-857.
54. Fein GG, Jacobson JL, Jacobson SW, Schwartz PM, Dowler JK: Pre-
natal exposure to polychlorinated biphenyls: effects on birth
size and gestational age.  J Pediatr 1984, 105(2):315-320.
55. Patandin S, Koopman-Esseboom C, de Ridder MA, Weisglas-Kuperus
N, Sauer PJ: Effects of environmental exposure to polychlorin-
ated biphenyls and dioxins on birth size and growth in Dutch
children.  Pediatr Res 1998, 44(4):538-545.
56. Vartiainen T, Jaakkola JJ, Saarikoski S, Tuomisto J: Birth weight and
sex of children and the correlation to the body burden of
PCDDs/PCDFs and PCBs of the mother.  Environ Health Perspect
1998, 106(2):61-66.
57. Rogan WJ, Gladen BC, McKinney JD, Carreras N, Hardy P, Thullen J,
Tingelstad J, Tully M: Polychlorinated biphenyls (PCBs) and
dichlorodiphenyl dichloroethene (DDE) in human milk:
effects on growth, morbidity, and duration of lactation.  Am J
Public Health 1987, 77(10):1294-1297.
58. Dar E, Kanarek MS, Anderson HA, Sonzogni WC: Fish consump-
tion and reproductive outcomes in Green Bay, Wisconsin.
Environ Res 1992, 59(1):189-201.
59. Toppari J, Larsen JC, Christiansen P, Giwercman A, Grandjean P,
Guillette LJ Jr, Jegou B, Jensen TK, Jouannet P, Keiding N, Leffers H,
McLachlan JA, Meyer O, Muller J, Rajpert-De Meyts E, Scheike T,
Sharpe R, Sumpter J, Skakkebaek NE: Male reproductive health
and environmental xenoestrogens.  Environ Health Perspect 1996,
104(Suppl 4):741-803.
60. Guo YL, Hsu PC, Hsu CC, Lambert GH: Semen quality after pre-
natal exposure to polychlorinated biphenyls and dibenzo-
furans.  Lancet 2000, 356(9237):1240-1241.
61. Dallinga JW, Moonen EJ, Dumoulin JC, Evers JL, Geraedts JP, Kleinjans
JC: Decreased human semen quality and organochlorine
compounds in blood.  Hum Reprod 2002, 17:1973-1979.
62. Richthoff J, Rylander L, Jönsson BA, Åkesson H, Hagmar L, Nilsson-
Ehle P, Stridsberg M, Giwercman A: Serum levels of 2,2',4,4',5,5'-
hexachlorobiphenyl (CB-153) in relation to markers of
reproductive function in young males from the general
Swedish population.  Environ Health Perspect 2003,
111(4):409-413.
63. Rozati R, Reddy PP, Reddanna P, Mujtaba R: Role of environmental
estrogens in the deterioration of male factor fertility.  Fertil
Steril 2002, 78(6):1187-1194.
64. Agarwal A, Said TM: Role of sperm chromatin abnormalities
and DNA damage in male infertility.  Hum Reprod Update 2003,
9(4):331-345.
65. Tiido T, Rignell-Hydbom A, Jonsson BA, Giwercman YL, Pedersen
HS, Wojtyniak B, Ludwicki JK, Lesovoy V, Zvyezday V, Spano M, Man-
icardi GC, Bizzaro D, Bonefeld-Jorgensen EC, Toft G, Bonde JP,
Rylander L, Hagmar L, Giwercman A: Impact of PCB and p,p'-
DDE contaminants on human sperm Y:X chromosome
ratio: studies in three European populations and the Inuit
population in Greenland.  Environ Health Perspect 2006,
114:718-724.
66. Denham M, Schell LM, Deane G, Gallo MV, Ravenscroft J, DeCaprio
AP: Relationship of lead, mercury, mirex, dichlorodiphenyl-
dichloroethylene, hexachlorobenzene, and polychlorinated
biphenyls to timing of menarche among Akwesasne Mohawk
girls.  Pediatrics 2005, 115(2):e127-134.
67. Vasiliu O, Muttineni J, Karmaus W: In utero exposure to organo-
chlorines and age at menarche.  Hum Reprod 2004,
19(7):1506-1512.
68. Mendola P, Buck GM, Sever LE, Zielezny M, Vena JE: Consumption
of PCB-contaminated freshwater fish and shortened men-
strual cycle length.  Am J Epidemiol 1997, 146(11):955-960.
69. Cooper GS, Klebanoff MA, Promislow J, Brock JW, Longnecker MP:
Polychlorinated biphenyls and menstrual cycle characteris-
tics.  Epidemiology 2005, 16(2):191-200.
70. Windham GC, Lee D, Mitchell P, Anderson M, Petreas M, Lasley B:
Exposure to organochlorine compounds and effects on ovar-
ian function.  Epidemiology 2005, 16:182-190.
71. Khanjani N, Sim MR: Maternal contamination with PCBs and
reproductive outcomes in an Australian population.  J Expo Sci
Environ Epidemiol 2006.
72. Khanjani N, Sim MR: Maternal contamination with dichlo-
rodiphenyltrichloroethane and reproductive outcomes in an
Australian population.  Environ Res 2006, 101(3):373-379.
73. Sugiura-Ogasawara M, Ozaki Y, Sonta S, Makino T, Suzumori K:
PCBs, hexachlorobenzene and DDE are not associated with
recurrent miscarriage.  Am J Reprod Immunol 2003, 50:485-489.
74. Mendola P, Buck GM, Vena JE, Zielezny M, Sever LE: Consumption
of PCB-contaminated sport fish and risk of spontaneous fetal
death.  Environ Health Perspect 1995, 103(5):498-502.
75. Buck GM, Sever LE, Mendola P, Zielezny M, Vena JE: Consumption
of contaminated sport fish from Lake Ontario and time-to-
pregnancy. New York State Angler Cohort.  Am J Epidemiol
1997, 146(11):949-954.
76. McGuinness BM, Buck GM, Mendola P, Sever LE, Vena JE: Infecun-
dity and consumption of polychlorinated biphenyl-contami-
nated fish.  Arch Environ Health 2001, 56(3):250-253.
77. Buck GM, Mendola P, Vena JE, Sever LE, Kostyniak P, Greizerstein H,
Olson J, Stephen FD: Paternal Lake Ontario fish consumption
and risk of conception delay, New York State Angler Cohort.
Environ Res 1999, 80(2Pt2):S13-S18.
78. Buck GM, Vena JE, Schisterman EF, Dmochowski J, Mendola P, Sever
LE, Fitzgerald E, Kostyniak P, Greizerstein H, Olson J: Parental con-
sumption of contaminated sport fish from Lake Ontario and
predicted fecundability.  Epidemiology 2000, 11(4):388-393.
79. Axmon A, Thulstrup AM, Rignell-Hydbom A, Pedersen HS, Zvyezday
V, Ludwicki JK, Jonsson BA, Toft G, Bonde JP, Hagmar L: Time to
pregnancy as a function of male and female serum concen-
trations of 2,2'4,4'5,5'-hexachlorobiphenyl (CB-153) and 1,1-
dichloro-2,2-bis (p-chlorophenyl)-ethylene (p,p'-DDE).  Hum
Reprod 2006, 21:657-665.
80. Rignell-Hydbom A, Axmon A, Lundh T, Jonsson BA, Tiido T, Spano
M: Dietary exposure to methyl mercury and PCB and the
associations with semen parameters among Swedish fisher-
men.  Environ Health 2007, 6:14.
81. Smuts CM, Huang M, Mundy D, Plasse T, Major S, Carlson SE: A ran-
domized trial of docosahexaenoic acid supplementation dur-
ing the third trimester of pregnancy.  Obstet Gynecol 2003,
101(3):469-479.
82. Olsen SF, Secher NJ: A possible preventive effect of low-dose
fish oil on early delivery and pre-eclampsia: indications from
a 50-year-old controlled trial.  Br J Nutr 1990, 64:599-609.
83. Olsen SF, Secher NJ, Tabor A, Weber T, Walker JJ, Gluud C: Ran-
domised clinical trials of fish oil supplementation in high risk
pregnancies. Fish Oil Trials In Pregnancy (FOTIP) Team.
Bjog 2000, 107(3):382-395.Page 9 of 10
(page number not for citation purposes)
Environmental Health 2008, 7:20 http://www.ehjournal.net/content/7/1/20Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
84. Olsen SF, Sorensen JD, Secher NJ, Hedegaard M, Henriksen TB,
Hansen HS, Grant A: Randomised controlled trial of effect of
fish-oil supplementation on pregnancy duration.  Lancet 1992,
339(8800):1003-1007.
85. Olsen SF, Osterdal ML, Salvig JD, Weber T, Tabor A, Secher NJ:
Duration of pregnancy in relation to fish oil supplementation
and habitual fish intake: a randomised clinical trial with fish
oil.  Eur J Clin Nutr 2007, 61(8):976-985.
86. Olsen SF, Hansen HS, Sorensen TI, Jensen B, Secher NJ, Sommer S,
Knudsen LB: Intake of marine fat, rich in (n-3)-polyunsatu-
rated fatty acids, may increase birthweight by prolonging
gestation.  Lancet 1986, 2:367-369.
87. Olsen SF, Olsen J, Frische G: Does fish consumption during preg-
nancy increase fetal growth? A study of the size of the new-
born, placental weight and gestational age in relation to fish
consumption during pregnancy.  Int J Epidemiol 1990,
19(4):971-977.
88. Olsen SF, Secher NJ: Low consumption of seafood in early preg-
nancy as a risk factor for preterm delivery: prospective
cohort study.  Bmj 2002, 324:447.
89. Thorsdottir I, Birgisdottir BE, Halldorsdottir S, Geirsson RT: Associ-
ation of fish and fish liver oil intake in pregnancy with infant
size at birth among women of normal weight before preg-
nancy in a fishing community.  Am J Epidemiol 2004,
160(5):460-465.
90. Petridou E, Stoikidou M, Diamantopoulou M, Mera E, Dessypris N,
Trichopoulos D: Diet during pregnancy in relation to birth-
weight in healthy singletons.  Child Care Health Dev 1998,
24(3):229-242.
91. Axmon A, Rylander L, Strömberg U, Hagmar L: Altered menstrual
cycles in women with a high dietary intake of persistent
organochlorine compounds.  Chemosphere 2004, 56:813-819.Page 10 of 10
(page number not for citation purposes)
